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ART. XXXL-The Volwnetric Oomposit£on qf Wate'r,. by 
EDWARD W. MORLEY. 

[Continued from page 231.] 

Apparat1UJ for accurate measurement of volumes ttl 
Gases.-My measuring apparatus has tinally' become rather 
elaborate. It is shown in tig. 3. It is mounted on a stone 
pier, independent of the floor of the room in which it stands. 
The eudiometer and measming tube ends auove in a stopcock 
and recul'ved tube whose end is seen to emerge inside the left 
hand gas jar in the cistern. The stopcock. is manipulated by 
means of a metal shaft and long handle, seen at the top of the 
column which carries the reading microscope. At the bottom 
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of the eudiometer is a glass stopcock of large bore intended to 
facilitate the washing out of the eudiometer after an analysis. 

3. 

For this purpose the glass plug of the stopcock is withdrawn 
and a duplicate plug inserted in which there are such connec-
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tiolls that the part below the stopcock is shut off, and an open
ing is left between the endiometer and the outside of the 
apparatus. By connecting the tOJl of the eudiometer to an air 
pump, aqua regia or potassinm ·hydl'Oxide can be drawn illto 
the endiometer; then by cOllllecting the bottom of the eudi
ometer to the pump, distilled water can be drawn in at the 
top. In this way the tu he was kept so clean that carbon 
dioxide was formed only twice, when this washing was omit
ted; acclll'ate reading of voll1llles were also facilitated. Belo,,
the glass stopcock. the endiollletcl' is connected by a rubber 
connector, to a steel ttl he f'cr8wecl into an iron stopcock 
The key of this stopcock is prolollged upwards some foul' 
decimeters, and ends in the handle seen just above the reading 
microscope. A small wheel imperfectly' seen under the read
ing microf'cope carries a series of stops of which anyone can 
be lll'llllght into position so as to arrest the opening of the 
stopcock at a determinate point. This stopcock governs the 
admission of llIercury fl'OIIi t.he movable reservoir carried 
vertically by an apparatus placed on a table to the left. The 
iron stopcock has tlll'ee steel tn bes ",1Ii(,h al'e connected, one to 
the eudiometer as said befure, the others to the two pressure 
tubes; the smaller of these is an auxiliary, used for all rough 
measurement, so as to reS8I'\'e the other for the final accurate 
measurement. This tube is shnt of I from connection with the 
other tubes by a piston valve whose motion is produced by the 
geared wheels seen at the left of the iron stopcock Its 
vacuum was easily kept unimpaired for months, as was proved 
by repeated determinations. But further, this piston valve 
also served as a micrometric acljustment of the level of the 
mercllry in the eudiollJeter and pressure tubes. The use made 
of this will be Illentioned below, and it contributed greatly to 
the accuracy obtained. TheRe thl'ee tubes were enclosed in a 
box with glass front and back, and filled with clear water kept 
stirred by a current of ail', The eudiollleter is secured into a 
bl'ass plate which is ground watel'-tight to the bottom of the 
box: on removing a clamp, the eudiometer can be lifted out 
of place if necessary, and call he replaced without a variation 
of its level amounting to the hundredth of a millimeter. It 
was convenient to compute the measured volumes of gases by 
means of an interpolation f01'lI1ula whose constants depended 
on tlw relative levels of fid ucia 1 marks Oil the eudiometer and 
pressure tubes, and constancy of this relation even after re
moving the eudiometer, was ltiglIly desirable. The pressure 
tube ,~as provided with a fine screw motion by which it could 
be adjusted vertically while in position and filled ready for 
use. 

The recurved tube at the npper end of the eudiometer 
serves for the ll1troduction of gas into the apparatus. The 
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cistern containing the jars of gas is capable of the motion 
required to bring the open end of this recUl"ved tube inside of 
the jar ab and to its top. When the cistern is in its highest 
pO!'ition, the recurved tube is wholly contained within the 
well seen under the cistern, and the cistern can be moved 
vertically by a distance equal to the height of the tallest jars 
used. It is fitted with sliding ways, counter-poised, and moved 
by a screw; by means of a multiplying geal', its motion can be 
made as rapid as is convenient; by means of the adjustable 
counterpoise, the cistern with its thirty-ti ve kilograms of mer
cury can be moved up and down and placed accurately at the 
required level with ease and safety. In the center of the 
cistern is a well for tilling the jars used: the rest of the 
bottom is inlaid with a smooth surface of slate. Oare was 
taken to have no crevices in which ail' could be entangled, 
from which perhaps it should riile into a jar of gas. The 
mercury was always kept as much as three centimeters deep, 
to lessen the probability that gas in the jars should be contami 
nated by diffusion between the walls of the jar and the 
mercury in contact with them. But the danger of this con
tamination is very slight. I left two jars of hydrogen stand
ing in the cistern for eleven weeks, afler which time I was 
unable to detect any contamination. The reason of this, so 
different from the result obtained by Faraday,* is probably 
the great care taken in filling the jars with mercury. The jar 
was always put entirely undet· the surface of the mercury 
while it was closed with a glass plate, so that no dust from the 
free surface of the mercury could get to the inside of the jar. 

The vacuum in the pressure tube was obtained by exhaust
ing the tube from above while the bottom was closed, then 
admitting mercury till it l'Ose above the glass stopper at the 
top of the tu ue; during the exhaustion. the stopper was loosely 
in place, and was in the vacuum. When the stopper was 
covered by mercury, it was forced into place; a drop of water 
had previously been put in the nppel' part of the pressure 
tube. In the pressure tube were two Jolly points; of which 
sometimes one was used, sometimes the other,. an interpolation 
formula having been computed fOl' each of the two systems of 
pressures measured by the mercl1l'Y when brought to one of 
the points. The vacuum in the pressure tube was often 
measured or rather, the real zero of pl'esslues was determined 
by producing a good vacuum in the eudiometer, bringing the 
mercury in the pressure to one of tIle Jolly points, and observ· 
ing the level of the mercury in the eudiometer; this level was 
the zero from which pressures wera counted, and could be 

* Annals of Philosophy. PI], vol. xii, p. 389, 1826; Poggendorff's Annalen der 
Physik, vol. viii, p, 124, 1826. 
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verified as often as desired, and did not change during the 
series of experiments. 

The measurement of the reduced volume of a gas is effected 
by adjusting the apparent \'olume till the mercury in the 
pressure tube stands at one of the Jolly points, and measnring 
the level of the mercury in the eudiometer. This reading 
determines the apparent volume, and the difference between 
this reading and the reading of the zero point gives the 
pressure under which the gas is measured. A convenient 
interpolation formula reduces the com putation to the addition 
of a constant to the reading, takiug the doubled logarithm of 
the sum, and adding a logarithmic constant. 

The measurement of the level of the mercnry in the eudi· 
ometer is made by means of a. reading microscope. This is 
carried on a cylinder supported on the frame work of the 
instrument, and provided witlt a tangent motion. On this 
cylinder slides a piece which can be tightly clamped, and 
which carries ways on which the microscope can be moved 
vertically by a micrometer screw. When the microscope is 
made to give distinct dsion of a scale engraved on the 
eudiometer, the tcrminallines of an eye-piece micrometer are 
made to agree with two succcssive millimeter divisions of the 
scale. As these are but the three. hundredth of a millimeter 
wide, the coincidence can be made accurately. W'llen coinci· 
dence is secured, the microscope is made to give distinct vision 
of the meniscus and the illumination arranged. When the 
mercury is now made to coincide accurately with one of the 
Jolly points in the pl'essure tube, the reading of the fraction of 
a millimeter by which the mercury in the eudiometer stands 
above a millimeter division of the scale is accomplished in a 
few seconds. Great care was taken in the calibration of the 
eudiometer. For this I fused to the end of the recurved 
tube, mentioned before, a further tube opening downwards 
Through this air-free water was introduced into the eudi
ometer. The mercury reservoir being raised, mercury was 
admitted by opening the iron stopcock against the proper stop. 
Water then began to drop from the added tube. The rate of 
admission of mercllry mnst be so slow that the amount of 
water left adhering to the inside of the eudiometer is small, 
and is nearly constant from one experiment to the next. 
Three hours for the admission of eighty centimeters of 
mercury gave concordant results. When the mercury reached 
the lowest point to be calibrated, the iron stopcock was closed, 
and the level of the mercur'y and the temperature of the water 
determined. The tube from which the water had been drop
ping was wiped in a constant manner, and a tube put in place 
to collect the water which now iss ned on opcning the iron 
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stopcock. When the mercury rose to the next standard point, 
level and temperature were measured, and another tube placed 
to collect watcr, while the water already isslled was weighed. 
True volumes at zero were comput.ed from the weights and 
temperatures observed. The calibration was made four times; 
I give the values found for the points at which oxygen and 
hydrogen were measured in the experiments, and the differ
ences between the mean and the several determinations_ It 
will be seen that the mean error of a single determination of 
volume is five cubic millimeters. A tube was previously cali-

Errors (cubic millimeters), 

Scale D!vls!ou, Volume found. 

1. 2. 8, 4, 

600 184'323 0 12 - 7 - 4 
625 191'849 -3 - -1 4 -1 
650 1!19'442 1 - 2 10 -10 
675 207 '082 -15 2 7 
700 214766 -1 3 5 
725 222'460 1 4 -10 5 
750 230'132 -1 I - 3 - 1 5 

bmted with a mean errol' only three fifths as much; but it 
broke during the first experiment. The sky was so cloudy 
while this the present tube was calibrated that illumination 
was defective, and W'ol'k very trying. But in the detel'lllina
tion of the volumehic composition of water, any slight errors, 
either in the calibration of the standard points, or in the inter
polation at intermediate points, was nearly eliminated by a 
proper distribution of the points used in the measurements. 

Since, in my way (If manipulating, the gas, scale, mercury, 
and eudiometer are all at the same tempeniture, the effects of 
the expansions of all were taken into account in one factor, 
which moreover, was determined for the actual degrees of the 
thermometer used. 

In measuring the volume of a quantity of gas in the 
eudiometer, the mercnry in the recurved capillary tube was 
bl'onght to a certain mark. The level of the mercury in the 
eudiometer was so adjusted that when the pressure tube was 
opened, the mercury in it would stand near one of the Jolly 
points. Then the leyel of the reading microscope was adjusted, 
and the meniscus was brought into focus. During this time, 
the watel' surrounding the eudiometer was stirred by a current 
of air. When everything was ready, the current of air was 
shut off, and the piston valve slowly moved till the mercury 
exactly coincided with the Jolly point. Then, within five or 
ten seconds, the thel'mometer WII.S read and the fraction of a 
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mlllimeter shown in the reading microscope was determined. 
The water was then again stirred, the adjustment at the Jolly 
point, and the reading of the thermometer and of the reading 
microscope was repeated. By means of the fine adjustment of 
the level of the mercury which has been mentioned, the 
adjustment at the Jolly point could be made within .the five 
hundredth of a millimeter, and it could be repeated as many 
times as was desired. It was also possible to make the final 
adjustments, and the two readings, within a time too short for 
any change of temperatum in the goas to be measured. Read
ings of temperature were to the two hundredth of a degree, 
and of level to the two hundredth of a millimeter. To show 
what degree of accuracy can be obtained by an apparatus such 
as is here described, including both errors of readings and 
errors of transfer due to bubbles of gas entangled in the 
capillary tube, I put a quantity of ga8 in a jar in the cistern, 
transferred it to the eudiometer and measnred it, transfened 
it back to the jar and measlll'ed it again, and so ten times. I 
give the reduced volumes so found. From this it seems that 
the probable error of measurement, not including errors of 
calibration, are something like a seventy-thousandth part of 
volumes like those used in the determinations of the volu· 
metric composition of water. I also found the mean error of 
a single measurement by com putation from the mean eI'l'or of 
a determination of the ratio sought. In this way, it seems 
that the mean error of a single Ill€HS111'ement of sllch a volume 
as one hundred and fifty or two hundred cubic centimeters is its 
fifty thousandth part. This value 'include8 the errors of cali
bration as far as they affect a determination of the ratio. The 
direct determination of mean errol' of measurement was made 
under selected conditions as to illumination and health which 
could not be secured in the determinations of the ratio. 

Repeated measurements of tlte ,~Cl1ne 'l.)olume of gas, tran,verred 
to Jar after each rneasw'ement, 

210'81 00 210'805 00 

210'815 210't:!15 
210'815 210'81 
210'815 210'81 
210'815 210't:!1 

Determination of nitrogen contct'/lled in t1~e l~ydl'Ogen 'u8ed 
for determination q/ the volumetriC' (}o111))o8ition of water.
The parts p, q, 1', were exhausted, filled with hydrogen, from 
n, and again exhausted. The pressure of the gas in n, was 
then measured by means of m, and its temperature b'y ther' 
mometers at n. Fl'om this, with the known volume of n, and 
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its connections, could be computed the reduced volume of the 
gas in n; then l' was heated, and the valve 0 was opened. 
When about a liter of hydrogen had been taken from n, 0 

was shut, and the volume remaining was determined. The 
heating of r was continued till the gas remaining was reduced 
to some such volume as ten cubic centimeters, when J' was 
cooled. and the gas was extracted by the Sprengel pump. A 
suitable excess of oxygen was extracted from its store, the 
two gases were measured, mixed, exploded, and the residue 
meaf'llred. From this was computed the amount of hydrogen 
found by analysis, whence was learned by di:fference the 
amollnt of nitrogen which was originally contained in the 
volume known to have been extracted from n. 

To illustrate by an actual experiment: In n, before extract· 
ing any hydrogen, the temporatnre and pressure were 766'5 
millimetres, 20'5 degrees; after, 662'0 millimetres and 20'9 
degrees. Hence it was computed that 823 cubic centimeters 
had been admitted to J'. When r waf' cold, the hydl'Ogen 
remaining was extracted, and transferred to the apparatus 
shown in fig. 3, and found to be 0'722 cubic centimeters at 
standard temperature and pressure. Oxygen was added, and 
the sum found to be 17'101 cubic centimeters. After explo
sion there remained 7'019 cnbic centimeters. Hence tile 
hydl'Ogen found in the 6'722 cubic centimeters taken for 
analysis was 6'7i1 cubic centimeters. A duplicate analysis 
agreed well with this; so that this hydrogen was practically 
free from nitrogen. 

Determination of tlte vol1tmetric composition qf water.
Two jars of hydrogen were extracted from n without heat
ing 1', and a jar of oxygen from the store of oxygen. I meas
ured a con venient volume of hydrogen; for ease of explanation, 
suppose it was 180 cubic centimeters. About 120 cubic centi
meters were transferred after measurement to a jar in the 
cistern, and the other 60 to a second jar. Then a volume of 
oxygen either a little smaller or a little larger was measured; 
suppose it was 175 cubic centimel1tel's. After measurement, 
it was transfened to three jars, 60 cubic centimeters to the jar 
having 120 of hydrogen, 60 to the other jar of hydrogen, and 55 
to a small gl'adnated jar. Anothel' volume of hydrogen was 
next measured, say 179 cubic centimetel's. One-third of this 
was put into the jar into which the smaller qualltity of hydro
gen had been put before, and the remaining 120 cubic centi
meters were left ill the eudiometer. 

It will be noticed that the three measurements are made at 
as nearly the salUe point as is consistent with the fact that 
there lUust be a slight excess of either one gas 01' the other. 
It would probablyha\'e been bett81; to have made the three 
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volumes as nearly equal as possible, and then to have measured 
a small excess at the point at which the excess was to be 
measured after the explosion. But this was not thought of in 
time As it was, errors of calibration conld have no great 
effect; bnt they were further made of still less effect on the 
final mean in two ways. In sOllie experiments, the hydrogen 
was put in excess, and in some, oxygen; if in two such experi
ments the sum of the· two gases were the same, the points of 
measurement of oxygen and of hydrogen would be inter
changed, and the enol's of calibration would produce contrary 
effects. Again, the amollnts of gas taken were increased from 
time to time, so that all points from 63 to 75 centimeters 
were used, by which also accidental errors in calibration were 
rendered of small influence on the result. 

The mea~ured gases were now ready for explosions in frac
tions. Explosions were always made in the presence of a large 
volume of inert gas. The ratio of explosive gas to inert was 
varied within somewhat wide limits, and the same ratio was 
preserved thl'Oughout all the explosions of a given experiment. 
Suppose that in a given case the ratio desired was that of fOllr 
to one. To the 120 cubic centimetel's of hydrogen left in the 
eudiometer were added 30 from one of the jars containing 
hydrogen and oxygen. After this was exploded, a like volulIle 
was added again, and so on, till all the gas previously mixed 
had been consullled. There would still be 120 cubic centi
meters of hydrogen in the eudiometer. To this was now added 
eight cubic centimeters of oxygen from the small graduated 
jar. The two were mixed by letting mercury drop through 
the eudiometer, and were exploded. A smaller computed 
volume of oxygen was added and mixed for the next explosion, 
and so on, till all the oxygen was finally exploded in presence 
of fifteen times its volume of hydrogen. But when oxygen 
was to be filially in excess, a variation was made a little before 
the last explosion, by adding small quantities of hydrogen to 
an excess of oxygen in the eudiometer; up to this point, hydro
gen was kept in excess. It is obvious that the last explosion 
of the series is the critical one on whose completeness accuracy 
depends; sufficient attention was given to this matter. 

After the explosion was completed, it cost some trouble to 
put the eudiometer into condition for good measurement, 
because so much water had accumulated in it. Then an excess 
of oxygen or of hydrogen, as the case might be, was added, the 
mixture was exploded and the residue was measured. From 
this was computed the amount of nitrogen in both gases taken 
together; subtracting the nitrogen known to exist in the 
hydrogen according to the previous experiment the remainder 
was the nitrogen in the oxygen used. The ratio of the volumes 
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of hydrogen to oxygen in water could then be computed. As 
to the chemistry, consumption of oxygen by oxidation of mer
cury or of fat, and the possible production of hydrogen dioxide 
had to be considered. 

When mercury is oxidixed in the eudiometer, it is by the 
oxidation of fine globules on the walls of the eudiometer. In 
mixing the last third of the oxygen with hydrogen, it was 
convenient to let a current of mercury run down through the 
eudiometer; which covered its walls with mercury. In three 
experiments, some of this mercury was oxidized; two experi
ments were lost. In the other, it was found possible to reduce 
the oxidized mercury by a managed explosion, so that the 
water produced was perfectly clear, as, it was in all the other 
experiments. 

There was no carbon in my gases before they were meas
ured. In two experiments, when the eudiometer had not been 
cleaned, carbon dioxide was produced. This must have come 
from fat on the walls of the eudiometer forced down by the 
current of mercury which mixed the oxygen and hydrogen, 
Since the composition of the lubricant was well enough known, 
it was possible to add to the oxygen used in prod ucing carbon 
dioxide, the amount used in the combustion of the hydrogen 
of the fat, and so deduce the value of the ratio sought. .As to 
hydrogen dioxide, in the absence of sufficient knowledge of 
what might take place in an excess of oxygell, hydrogen was 
kept in excess till nearly the end of' the series of explosions, 

To illustrate by an actual experiment, t will give all details 
of experiment number 6. The first column gives the tempera
hues, the second the readings of the scale of the eudiometer, 
the third gives the reduced volume of gas deduced fro111 each 
measurement, and the fourth gives the adopted mean, with 
the name of the gas measured, 

Tem.perature. 
19'87 
19'89 
20'26 
20'29 
19'44 
19'47 
19'59 
20'18 
20'54 
20'73 
21'78 
21'80 
21''16 

Pressure. Volume reduced. Means. 
688'75 174333 
68S'76 174'326 174'33 hydrogen, 
6S0'62 169'[154 
6S0'65 169'94~ 169'95 oxygen, 
685'45 172'910 
685'47 172'905 
6~9'9S 1~2'920 172'91 hydrogen. 
137'92 7'797 
138 OS 7'805 7 '80 residue, 
2()5'5<1 21\'271 
256'02 25'269 25'2'1 residue and oxygen, 
187'06 13'829 
187 '05 13'830 13'83 residue 2, 

1. t (25'2'7 - 13'S3)=7 62"', hydrogen in residue 1. 
2, 7'80c-7'62c=O'18'", nitrogen in residue 1. 
3, O'18"-'00=O'18"c, nitrogen in oXYR'en used. 

174'33 + 17~'91-7'62 
4, 169'95-0'18 = 2'0004~; ratio sought. 
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The experiments made divide themselves into groups accord
ing to the purity of the gases used. In some, both gases C011-

tained nitrogen, in some, only the hydrogen, in some only the 
oxygen, and in some, both gases were pure; in some carbon 
dioxide was produced, although both gases were pure. I give 
in full the quantities measUJ'ed or the quantities computed from 
them, in the case of the first experiment of each of these 
groups; but I selected the eighteenth experiment, rather than 
the seventeenth, so as to include OIle in which there was an 
excess of oxygen. 

----;------,----,---,---- --~--~~ - ---.--

I,; i~. ':-"1 ~,Q~!.dl 
. I ~ g i e 1 ~ ~.g I ;2 I ~~ I' 

~ d ~ ~, ~ ~ i.§~ ~ I $~ ~ ~ -g . e 5 ~ = f I -: ~ ~ I ~ .28 sa ; ~ 
.; 1 ~" ~ I ;;; ,= -; 1 ';; ;:; g 1 -:=~ 'I :;,§ I 5 l§ I 

~ ~ I ~ 1 ~ ~ ~ I ~ ~ ~ ~ I g ~ §; g~ I ~ I ~ 1 0 
:: .. S '" \>, ,~ '" ,., ... ' ... I'" \>, 8" 10" '" ;.. -

~:~l~' ~ 8 I ~ I ~ 1 s ~ ~ 5 IS 1 <I~ 1 <I~ ~ ~,~ 
-I~ -;;-1---:-- --" -::-1-" '" :-- -1-- -1-" -,c I -- -I-
164 122'307'89'150'Oil 8'298'015 __ -'"11 ['165' ---I-J 8'12 '165,299'77149'86512'00027 

2:64221307'291149'2818'6+'57 ---I'll!'()O 1 ___ 1 __ 1 8'68 '00 i298'61'149'28 i2'()0033 

4,6620325'36

1

156'2113'36;13'21, --- '00','15 '--'1--,13'21 '15 312'15156'06 '2'00019 

14172 23i383':~0 185'7°1 11 '87 11'87 1 __ :"001'00 1·-- --i ll '87 '00 !371'43,IR5'70 12'00016 

181751251407'99\205'71; 1'73 ·---i l ·66, --1--- '0651'091 '001'75 1407 '981203'96 12'00029 

In the following table I give the approximate temperature 
and pressure at which the hydl'ogen and oxygen were mea
sured in each expel'iment, the amounts of impurities found in 
each gas, and the amounts of hydrogen and oxygen consumed 
in the explosion, with the ratio thence deduced. The pairs of 
determinations which are bl'ucketed together were made one 
immediately after the other of the pail', with the same stores 
of gas extracted at the same time, and as nearly as possible 
under the same conditions, except that different gases were in 
excess. This will explain why the amounts of impurities 
found in the oxygen nsed should show snch agreement. The 
oxygen used in the experiments from the fourth to the twelfth 
was obviously undergoing slow admixture with air; which was 
suffered to contiuue, in order to see if the presence of nitro
gen affected the ratio found. After a while, the crack in a 
glass tube which had shown itself was closed by fusion. 
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22 64 'II 'lli5 ____ '299'77 149'865 ~'00027 hydrogen, 
2 22 64 'II '00 298'61 149'28 2'000:)3 hydrogen, 
3 19 66 '12 '00 ,____ ___ 316'~5 158'205 2'00025 hydrogen, 
4 20 66 '00 '15: , ______ , 31~'15 1515"06 ~'00019 h,\"drogen t 
5 20 66 '00 '15 325',lG 162'67 2'00012 oxygen, f 
6 20 70 '00 '18 3~~I'62 169'7/ 200047 hydrogenl 
7 20 70 '00 '18 ________ ;)47'24 173'60 2'00024oxygell, f 
8 20 72 '00 '31 _______ , ~G4'58 18228 2'00011 hydrogen t 
9 20 72 '00 '31 , ____ ' ____ 1 386'65 193'31 2'00016 oxygen, f 

10 22 72' '00 '72 ____ , __ ,' 3818" 190'92 2'(10005 hydrogen, 
11 22 7~ '00 '82 I'--'i---'I 38!1"7r1 194'87 2'00026 oxygen, t 
12 22 73 '00 '82 ___ , ____ 395'7fi 197'S5 2'(1)027 hydrogen f 

H ~~ H :~~ :~fi~~~:i::::i ~iH~! ~!n~ I H~~H ~If;~~~~'} 
IG 26 7:l '00 '00 , ______ " 38,)'51 191'74 2'00016 hydrogen t 
17 26 73 '00 '00 ,_ _ _ _ _ _ _ i' 92'58 196'27 2'OOU21 oxygen, f 
18 25 i5 '00 '00 '065 '09 3H9'j4 199'85 2'00020 hydrogen 1 
HI 25, 75 ! '00 I '00 _'0_6_,5'1_'_0_9_", 407-(18 20396 2'(10029 oxygen, r 

~20~,~2~4 __ ~7~5 __ '_0_0~1_'_O_IJ __ ~ ____ ,)99'2,_I ___ 1_99_'_59 ___ :_1'_OO_O_1_5_,h~y~d_ro~g~'e_n~, 

Comparison of Results. 

Experiment 1 is alone in showing impurity in both gases; 
its result gives 2'00027 for the value sought. 

Experiments 2 and 3 showed nitrogen ill the hydrogen; 
their mean is 2'000:39, 

Experiments fl'om 4 to 12 showed nitrogen in the oxygen; 
their mean is 2'00021. 

Experiments 13 to 17 and experiment 20 sllOwed no measur
able impurity in eithel' gas; their mean is 2'00023. 

In experiments 18 and 19, carbon dioxide was produced; 
their mean is 2'00025, 

The mean of the seven experiments, where oxygen is in 
excess, is 2'00023, and that of tbe thirteen in which hydrogen 
was in excess is also 2'00023. Weights were OI'iginally assigned 
to eaeh result according to the circumstances of each experi
ment, but they did not change the final mean, and are not 
given. Four experiments were lost by accident, all others are 
given. The mean error of a single determination of the ratio 
is '000075, or one part in 26000. The final mean value of the 
ratio is 2'0002. 

SU1Uma1'Y· 

Pure hydrogen cannot be obtained from the purest commer
cial zinc. By the electrolysis of dilute sulphuric acid, with a 
proper purifying train, I have obtained hydrogen containing 
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less than the hundredth of a cubic centimeter of nitrogen in 
two liters of hydrogen, and containing no other impurity in 
amonnt large enough to be detected. By the use of a fusible 
metal valve, it was possible to obtain any required degree of 
exhaustion. in the part of the apparatus designed to receive 
hydrogen from the generator. 'l'he hydrogen intended to be 
weighed was not suffered to take up merCUl'ial vapor, nor that 
intended for analysis to be contaminated with organic matter. 
A supply of hydrogen sufficient for several experiments was so 
stored up as to be safe from admixtUl'e of air; so that by the 
apparatus described, the amount of nitrogen in it could be 
determined in duplicate, and other quantities identical in 
composition could· be used for determining simultaneously 
the amount of nitrogen in the oxygen used, and also the 
volumetric composition of water. An apparatus for the mea
surement of gases has been constructed in which the mean 
error of measnrement of the volume of hydrogen and oxygen 
used in the experiments has been lesii than one palt in fifty 
thousand. With this, twenty experiments have been made 
(four others being lost by accident and not completed), which 
gave a maximum value for the compositiou of water 2'Ou047, a 
minimum value 2'00005, and a mean value 2'00023. Varia
tions in the process gave no corresponding variation in the 
result. The mean error of a single determination was one part 
in twenty-six thousand. 

For the present, then, we may believe that water, when the 
gases are measnred under ordinary temperatures and pressures, 
is composed of 2,()002 volumes of hydrogen to one volume of 
oxygen; or that under ordinary condition8, the number of mole
cules in a given volnme of oxygen is one nine thousandth part 
greater than the number of molecules in an equal volume of 
hydrogen. 




